The reaction of Ph 2 P(S)ONa with B(C 6 F 5 ) 3 in the presence of the crown ether 15-crown-5 provided the borate complex [Na(15-crown-5)][Ph 2 P(S)OB(C 6 F 5 ) 3 ] (1). In one occasion a few crystals of the hydrogen-bonded complex [Na(15-crown-5) 2 ][Ph 2 P(S)O· · ·HO(S)PPh 2 ] (2) were obtained, which formed upon the accidental hydrolysis of 1. More rationally, 2 was prepared by the reaction of Ph 2 P(S) OH, Ph 2 P(S)ONa and 15-crown-5. The molecular structures of 1 and 2 were investigated by X-ray crystallography.
Introduction

The diphenylthiophosphinate anion [Ph 2 P(S)O]
− is a versatile ambiphilic ligand that can coordinate via oxygen and sulfur atoms to both hard and soft main group elements (Mattes and Rühl, 1984a; Begley et al., 1986; Swamy et al., 1988; Silvestru et al., 1997a) and transition metals (Calligaris et al., 1970; Rosca et al., 1999; Silvestru et al., 2001) in a monodentate or bidentate fashion. For instance, the salt metathesis reactions of ammonium or sodium diphenylthiophosphinate with triorganometal(IV)chlorides provided the neutral compounds R 3 M[OSPR 2 ] (M = Ge, Sn, Pb; R = Me, Et, Ph) comprising an interesting coordination chemistry (Silvestru et al., 1997b) . We recently used the related diphenylphosphinate anion [Ph 2 P(O)O] − , together with B(C 6 F 5 ) 3 and 15-crown-5, for the preparation of the borate complex ][Ph 2 PO 2 B(C 6 F 5 ) 3 ] (Kather et al., 2016) . In context we were also curious to study the reactivity of [Ph 2 
P(S)O]
− towards B(C 6 F 5 ) 3 and 15-crown-5, which indeed afforded an analogous complex [Na(15-crown-5)][Ph 2 P(S)OB(C 6 F 5 ) 3 ] (1) in 68% yield (Scheme 1).
[Na(15-crown-5)][Ph 2 P(S)OB(C 6 F 5 ) 3 ] is a high-melting solid and soluble in reasonably polar solvents, such as acetonitrile, dichloromethane and tetrahydrofuran. It is indefinitely stable when stored under argon; however, it is susceptible to hydrolysis when exposed to moist air. The 31 P{ 1 H}-NMR spectrum (CD 3 CN) of 1 shows a singlet at δ = 67.4 parts per million (ppm) and is shifted downfield compared to the parent Ph 2 P(S)ONa (δ = 57 ppm in THF) (Wozniak et al., 1989) . The 
J(
31 P-13 C) = 143 Hz, in THF-d 8 ) is upfieldshifted by 6 ppm and shows a slightly larger coupling constant (Kather et al., 2016) . The 11 B-NMR spectrum (CD 3 CN) of 1 reveals a chemical shift of δ = −3.3 ppm and therefore in the expected range for four-coordinated boron compounds of previously reported Lewis-acid-base adducts (Piers and Chivers, 1997; Erker, 2005; Piers, 2005; Kather et al., 2015) . It is significantly high-field shifted by more than 60 ppm in comparison to the parent borane B(C 6 F 5 ) 3 (δ = 59.2 ppm) (Kuprat et al., 2010) .
In a failed attempt to crystallize 1 from dichloromethane containing traces of water, a small crop of single crystals were obtained, which turned out to be the hydrolysis product The molecular structures of 1 and 2 were determined by X-ray crystallography (Figures 1 and 2 ). The P-S bond distance of 1 (1.959(1) Å) is comparable to that of polymeric Ph 2 P(S)OH (1.956(1) Å) (Mattes and Rühl, 1984b ) but significantly shorter in comparison to [(THF) 2 NaO(S)PPh 2 ] 2 (1.977(2) Å) (Blaurock et al., 2008) .
The sodium cation is chelated by 15-crown-5, but also coordinates to S1 and F11. The Na-S bond distance of 1 (2.877(1) Å) is shorter compared to that of [(THF) 2 NaO(S)PPh 2 ] 2 (3.003(3) Å). The Na-F distance of 1 (2.886(2) Å) is significantly shorter than the sum of the van der Waals radii (3.7 Å) (Bondi, 1964; Mantina et al., 2009; Pyykkö and Atsumi, 2009 ). The P-O distance of 1 (1.565(1) Å) is shorter compared to that of Ph 2 P(S)OH (1.582(2) Å) but elongated with respect to [Na(15-crown-5)] [Ph 2 PO 2 B(C 6 F 5 ) 3 ] (1.544(1) Å) (Kather et al., 2016) . The B-O bond distance of 1 (1.516(2) Å) is slightly longer compared to [Na(15-crown-5)][Ph 2 PO 2 B(C 6 F 5 ) 3 ] (1.508(2) Å). The molecular structure of 2 features a hydrogen-bonded complex between the acid Ph 2 P(S)OH and its anion [Ph 2 P(S)O] − , whereas the sodium cation is chelated by two molecules of the crown ether 15-crown-5. No significant cation-anion contacts were observed, but interestingly, the P-S bond distances of 2 (1.957(1) and 1.960(1) Å) are not shorter compared to 1. The P-O bond distances of 2 (1.543(2) and 1.532(2) Å) are shorter than in 1 and the polymeric Ph 2 P(S)OH (1.582(2) Å) (Mattes and Rühl, 1984b) . The non-bonding O· · ·O distance of (2.434(2) Å) are shorter compared to aminoguanidinium (1+) dihydrogen phosphate (O· · ·O = 2.504(2) Å) (Němec et al., 2004) and indicative for a strong hydrogen bond (Steiner, 2002; Taylor and Jacobsen, 2006) .
Experimental section General
Starting material 15-crown-5 (Alfa Aesar, Karlsruhe, Germany) was obtained commercially and dried over molecular sieves. Tris(pentafluorophenyl)borane (Massey and Park, 1964; Kuprat et al., 2010) and diphenylthiophosphinic acid (Wozniak et al., 1989; Pilkington et al., 1995) were prepared according to literature procedures. Sodium methoxide was prepared by treating dry methanol carefully with sodium chunks. Dry acetonitrile, dichloromethane, n-hexane and toluene were collected from an SPS800 mBraun solvent system. Methanol was dried over molecular sieve (3 Å). NMR spectra ( 1 H at 360.1 MHz, 13 C at 90.6 MHz, 11 B at 115.6 MHz, 19 F at 338.9 and 31 P at 145.7 MHz) were recorded in CD 3 CN at room temperature using a Bruker Avance-360 spectrometer and are referenced to tetramethylsilane ( 1 H, 13 C), boron trifluoride diethyl etherate ( 11 B), trichlorofluoromethane ( 19 F) and phosphoric acid (85% in water) ( 31 P). Chemical shifts are reported in ppm and coupling constants (J) are given in hertz (Hz). The ESI MS spectra were obtained with a Bruker Esquire-LC MS instrument. Dichloromethane/acetonitrile (1:10) or acetonitrile solutions c = 1 × 10 −5 mol L −1 were injected directly into the spectro meter at a flow rate of 3 μL min −1 and a pressure of 5 psi. Pressure in the mass analyzer region was usually about 1 × 10 −5 mbar. Spectra were collected for 1 min and averaged. IR spectra were recorded on a Perkin Elmer Spectrum 1000 FT-IR spectrometer as KBr disks and are reported in cm −1 . The melting point was determined using a Gallenkamp melting point apparatus.
Synthesis of [Na(15-crown-5)][Ph 2 P(S)OB(C 6 F 5 ) 3 ] (1):
Sodium diphenylthiophosphinate was prepared by adding sodium methoxide (25.0 mg, 0.463 mmol) to diphenylthiophosphinic acid (108 mg, 0.463 mmol) in methanol and stirring overnight. The solvent was removed and sodium diphenylthiophosphinate was used as obtained. Tris(pentafluorophenyl)borane (150 mg, 0.293 mmol), sodium diphenylthiophosphinate (75.1 mg, 0.293 mmol) and 15-crown-5 (77.4 mg, 0.352 mmol) were stirred in toluene for 12 h at room temperature. The solvent was removed and the residue was washed with n-hexane and recrystallized from dichloromethane/n-hexane to give 1 as colorless solid (197 mg, 0.199 mmol, 68%; m.p. 204-206°C) . Recrystallization by dichloromethane/n-hexane provided 1 as colorless crystals, suitable for X-ray diffraction. X-ray crystallography: Intensity data of 1 and 2 were collected on a Bruker Venture D8 diffractometer at 100 K with graphite-monochromated MoK α (0.7107 Å) radiation. All structures were solved by direct methods and refined based on F 2 by use of the SHELX program package as implemented in WinGX (Farrugia, 1999) . All non-hydrogen atoms were refined using anisotropic displacement parameters. Hydrogen atoms attached to carbon atoms were included in geometrically calculated positions using a riding model. Crystal and refinement data are collected in Table 1 . Figures were created using DIAMOND (Brandenburg and Putz, 2006 
